Abstract: This study is aimed at investigating the relationship between landform classification and vegetation in the southwest of Fars province, Iran. First, topographic position index (TPI) is used to perform landform classification using a Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) with resolution of 30 m. The classification has ten classes; high ridges, midslope ridges, upland drainage, upper slopes, open slopes, plains, valleys, local ridges, midslope drainage and streams. Visual interpretation indicates that for the local, midslope and high ridge landforms, normalized difference vegetation index (NDVI) values and tree heights are higher as compared to the other landforms. In addition, it is found that there are positive and significant correlations between NDVI and tree height (r = 0.923), and landform and NDVI (r = 0.640). This shows that landform classification and NDVI can be used to predict tree height in the area. High correlation of determination (R 2 ) 0.909 is obtained for the prediction of tree height using landform classification and NDVI.
Introduction
Information on terrain characteristics is very important to explain geographical constraints and map the variability of natural resources in maintaining sustainable vegetation management for assessment of land use capabilities. Furthermore, the study on the relationship between vegetation and landform classification is important because the distribution of vegetation based on the analysis of landform characteristics is an important aspect in the process of understanding ecology [1] [2] [3] . In addition, the existence of landforms such as ridges indicate flood frequency. On the other hand, increasing vegetation decreases floods in the area [4, 5] .
Debelis et al. [6] used soil characteristics and vegetation as a function of landform position to develop a system that allows for extrapolations to be made at the landscape scale on the relationship with vegetation. Loučková [7] investigated the association between landforms and vegetation. The results obtained suggest that recently created landform geomorphic forms are key environmental determinants of riparian vegetation distribution patterns. In the research of Cremon et al. [8] , the main goal was to investigate the relationship between paleolandforms and vegetation classes mapped based on the integration of optical and synthetic aperture radar (SAR) data using the decision tree analysis. The results obtained indicated that the former was useful for separating between forest and open vegetation classes. Ahmad Zawawi et al. [1] studied the relationship between landform classes and normalized difference vegetation index (NDVI). They found that NDVI decreases with elevation, and increases with tree height [9] .
This study is aimed at investigating the relationship between landform classification and vegetation in the southwest of the Fars province, Iran. It will be demonstrated using multiple regressions that landform classification and NDVI can be used to accurately predict tree height.
Study Area
This study was carried out in west of Fars Province, which is located in southern Iran and has an area of about The study area is a biodiversity of rich mountains, relief and lithology, and other geological characteristics such as sedimentary basin and elevated reliefs [10] . The major land use categories of the area are agriculture, range land, farming and forests. Range lands are found in large parts of the north and south of the study area; forests lands form a belt in the center of the study area; while wood lands are located in small parts of the north and south of the study area ( Figure 2 ).
As the study area is located in a semi-arid region, its river floods in the parts of years. The dominant causes of gully formation in the area are rangeland destruction, land use change from rangeland to dryland, misdesign and construction of road culverts, road construction in sensitive areas, improper irrigation, and destruction of channels for flood conveyance [10] .
Materials and methods

Landform classification
In this study, the topographic position index (TPI) method [11] was used to perform landform classification from a Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) of the study area, which was downloaded from http://srtm.csi.cgiar.org. TPI is the difference between the elevation at a cell and the average elevation in a neighborhood surrounding that cell. Negative values indicate the cell is lower than its neighbors, while positive values indicate that the cell is higher than its neighbors. TPI values provide a powerful means to classify the landscape into morphological classes [12] .
TPI values can be calculated from two neighborhood sizes. A negative small-neighborhood TPI value and a positive large-neighborhood TPI value is likely to represent a small valley on a larger hilltop. Such a feature may be reasonably classified as an upland drainage. Conversely, a point with a positive small-neighborhood TPI value and a negative large-neighborhood TPI value likely represents a small hill or ridge in a larger valley [13] (Table 1 and 
Vegetation cover classification using NDVI analysis
Vegetation cover is an important factor as it has a strong relation to root strength that represents site quality and land use suitability [1] . One of most important vegetation indices is NDVI, which gives a measure of the amount of vegetation in the study area, differentiating vigorous from less vigorous vegetation [1, 14, 15] . In this study, NDVI was computed from a Landsat ETM+ satellite image (May 2010) using the following equation [16] [17] [18] :
where Red and NIR stand for the spectral reflectance measurements acquired in the visible (red) and near-infrared regions respectively. NDVI values vary between −1 to +1, with low NDVI values indicating sparse or unhealthy vegetation, and high values indicating greener plants (Table 2) . Water typically has an NDVI value less than 0, bare soils between 0 and 0.1, and vegetation over 0.1 [9, 19] .
Multiple regressions
The relationships between NDVI and different parameters that characterize vegetation, such as leaf area, percentage of plant fraction and plant biomass, have been highlighted by several authors [20] [21] [22] . For this study, the relationships between NDVI, tree height and landform classes were determined using multiple regressions [21] . The general form of the regression equations is according to Eq. 2 [23] :
where Y is the dependent variable, A 0 is the intercept, A 1 . . . bn are regression coefficients, and X 1 -Xn are independent variables referring to basic soil properties. 
Results and Discussion
Landform classification
Using TPI, the landform classification map of the study area was generated. The classification has ten classes; high ridges, midslope ridges, upland drainage, upper slopes, open slopes, plains, valleys, local ridges, midslope drainage and streams ( Figure 3 ). The areas of the landform classes are shown in Figure 4 . It is observed that the largest landform is streams, while the smallest is plains. By comparing the landform classification and tree height ( Figure 5 ) maps of the study area, it was found that high ridges, midslope ridges, upland drainage, upper slopes, open slopes, plains and valleys consist of vegetation heights of > 20, 14-20, 11-14, 8-11, 4-8, 2-4 and < 2 m respectively. Based on this, it can be concluded that ridge landforms have more vegetation than the other landforms. This is as in ridges, the climate is suitable for growth of vegetation [21] .
Vegetation cover classification using NDVI analysis
As shown in Figure 6 (a), the NDVI values for the study area range between −0.58 and 0.69. According to Table 2 , NDVI ranging from 0.1 to 0.2, which represents rock, soil and bare areas, is found at the upper slope, open slope and midslope drainage classes. Flat areas and high ridges have higher NDVI values, ranging from 0.2 to 0.3, covering lower tree heights. Higher NDVI values of more than 0.3 are found concentrated at valleys and streams, where tree height is higher (more than 14 m) [1] . The dominant covers based on the NDVI values for the study area are shown in Figure 6 (b). It was found that for the local, midslope and high ridge landforms, NDVI values are higher as compared to the other landforms. Furthermore, it was found that the locations with the highest NDVI has the most vegetation (tree height).
Multiple regressions
The calculated simple linear correlation coefficients (r) between landform classes, tree height and NDVI are summarized in Table 3 . It was found that there is positive and significant correlations between NDVI and tree height (r = 0.923), and landform and NDVI (r = 0.640). This indicates that landform classification and NDVI can be used to predict tree height. In to Table 4 , R 2 for prediction of tree height through landform and NDVI is 0.909 in the model 1 that as is shown good correlation model. Standard Errors refers to the stan- Table 5 , the highest standardized coefficients (β) for prediction of variables for tree height prediction using NDVI and landform was obtained in NDVI (98.04).
Conclusion
The landform classes obtained in the southwest of the Fars province. Landform classifications using TPI show that the landform classification map of the study area was ten classes; high ridges, midslope ridges, upland drainage, < 2 m respectively. Ridge landforms (high, midslope and local ridges) were found to have highest tree heights and NDVI values. It was found that there are positive and significant correlations between NDVI and tree height (r = 0.923), and landform and NDVI (r = 0.640). This shows that landform classification and NDVI can be used to predict tree height in the area, with high value of R 2 of 0.909 obtained this prediction. Using deep understanding of the surface terrain characteristics could be detected potential and specific constraints of the tree.
